Introduction {#s1}
============

Removal of the impacted third molars is one of the most frequently performed procedures in oral surgery ([@b1]). Common postoperative complications are pain, localized swelling and trismus. Alveolar osteitis (AO) and surgical wound infection associated with bacterial contamination can also be observed. The incidences of AO and postoperative infection have been reported ranging from 1% to 6.3% and 2% to 12%, respectively ([@b1], [@b2]).In order to prevent such occurrences, preoperative or postoperative antibiotics can be prescribed but there is still no consensus on this subject ([@b3]). Considering the type of the antibiotics, amoxicillin is one of the mostly used penicillin derivatives in previous clinical studies, followed by amoxicilline/clavulanic acid, clindamycin and metronidazole ([@b1], [@b4], [@b5]).

Recently, the development of resistance to betalactam antibiotics has become a serious concern. One of the most important reasons which may lead to the resistance is the beta-lactamase enzymes produced by gram positive and gram negative bacteria ([@b6]). Oral flora contains more than 400 species of aerobic and anaerobic bacteria. Dental infections usually consist of a mixture of gram-positive aerobic and gramnegative anaerobic bacteria. More than half of these bacteria are capable of producing beta-lactamase, which may lead to inadequate treatment of dental infections ([@b7]). Clavulanic acid is a beta lactamase inhibitor that has a strong bactericidal effect when used in combination with amoxicillin. Systemic circulation of the amoxicillin/clavulanic acid exhibits a good permeation and it reaches the antibacterial concentrations in bone, middle ear, peritoneum and synovial fluid ([@b8]). The aim of this retrospective study is therefore to assess the effects of orally administered amoxicillin alone or amoxicillin combined with clavulonic acid antibiotics on the frequency of postoperative complications and patients' discomfort after mandibular third molar surgery.

Materials and Methods {#s2}
=====================

Chart selection {#s2a}
---------------

This retrospective study was approved by Necmettin Erbakan University, Ethics Committee of the Faculty of Dentistry (Project no: 2016003). The records of 453 patients who had undergone lower third molar surgery between October 2014 and December 2015 in the Department of Oral and Maxillofacial Surgery of the same institution were examined. The inclusion criterion were; to be operated for at least one mandibular fully impacted third molar tooth in mesioangular position, to be between 18 and 40 years of age, to be prescribed amoxicillin trihydrate or amoxicillin trihydrate combined with potassium clavulanate, to use same type and dose of antiinflammatory drug post-operatively. To be younger than 18 and older than 40 years of age, pregnancy, allergy to penicillin, presence of acute pericoronitis or abscesses, previous antibiotic administration in last two weeks before surgery, history of smoking and/or alcohol abuse, and presence of previously diagnosed systemic diseases that could affect the healing mechanisms were the exclusion criterion. Only fully completed charts in which demographic information and duration of surgery are clearly written, were considered to be eligible for evaluation. As a result of this chart review, only 62 patients complying with aforementioned criteria were included in this study(N=62).

Among them, Thirty-two patients (n=32) were found to have used 500 mg amoxicillin trihydrate orally every 8 h for 5 days (Group A) and 30 were observed to have taken 500 mg amoxicillin trihydrate plus 125 mg potassium clavulanate orally every 8 h for 5 days (Group AC, n=30). Patients in both groups had been prescribed the same anti-inflammatory drug (Flurbiprofen 100 mg, every 12 h for 5 days).

Surgical standards {#s2b}
------------------

According to their charts, standard surgical techniques had been used in each patient. A triangular mucoperiosteal flap had raised and bone had removed using a rounded bur cooled with sterile saline solution. After the tooth is separated, it had been removed and the socket had been rinsed with physiologic saline solution. The wounds had been closed with 3.0 silk sutures (Dogsan, Trabzon, Turkey) which is the standard suture material used in our clinic.

Assessment instruments {#s2c}
----------------------

Two forms are given to all patients routinely in our clinic. The first form contains two verbal rating scales ranging from 0 (no pain and no swelling) to 5 (unbearable pain and extremely severe swelling), showing the daily degree of pain and swelling records. The second form contains numbers from 0 to 100 indicating the Quality of Life (QoL). Scores range from the extremely poor to the excellent quality of life ([@b9]). Forms are handed back by the patients to the clinicians before removal of the sutures at 7th day after surgery. Postoperative infection and AO were diagnosed according to previously published clinical criteria ([@b1], [@b3], [@b7]). Infection was diagnosed via fluctuation pus drainage, the presence of excessive pain and hyperemia. AO was determined as absence of clot with necrotic remains present in the alveolus accompanied by halitosis and severe pain.

Statistical analysis {#s2d}
--------------------

Data was evaluated by using SigmaPlot v12.5 software (Systat Software Inc., Richmond, CA, USA). Firstly, all data was analyzed using Shapiro-Wilk normality test. If a particular data set was normally distributed, parametric tests were used. Otherwise, a non-parametric equivalent was employed. According to this, comparison of age range was done with Student's t test. Operation time, QOL and painswelling scores were compared using Mann-Whitney U test. Complication rates were compared using Chi-Square test. Statistical significance level was set at p\<0.05.

Results {#s3}
-------

There were 52 females and 10 male patients in the study groups. The mean age of the study population was 24 years. Demographic data is summarized in [Table 1](#table1){ref-type="table"}. No significant difference was observed with regard to the age, gender distribution, and operation time between the two groups.

Statistical analysis of the postoperative results showed that there were no significant differences between the two groups regarding pain and swelling ([Table 2](#table2){ref-type="table"} and [Table 3](#table3){ref-type="table"}). AO had been noted in 1 patient in group A with a frequency of 1.6%. Postoperative infection was found in 1 patient from the group A, again with a frequency of 1.6%. Trismus was present in 1 patient in group AC. No statistically significant difference was found between the two groups regarding AO, infection, trismus and QoL scores ([Table 4](#table4){ref-type="table"}).

###### 

Demographic details of patients in both groups (A: Amoxicillin, AC: Amoxicillin/clavulanic acid, min: minute).

  --------------------- ------------ ------------
                        Group A      Group AC
  Number of patients    32           30
  Male                  3            7
  Female                29           23
  Mean age              22.8         25.5
  Maximum age           39           40
  Minimum age           18           18
  Mean operation time   15.1 (min)   15.3 (min)
  --------------------- ------------ ------------

###### 

Daily post-operative pain levels (A: Amoxicillin, AC: Amoxicillin/clavulanic acid, SD: Standard deviation).

  --------------------- --------------------- ---------------------- ----------
  Postoperative (day)   Group A mean (± SD)   Group AC mean (± SD)   p values
  1st day               1.96 (± 1.23)         2.00 (± 1.30)          0.791
  2nd day               1.55 (± 1.16)         1.46 (± 1.41)          0.782
  3rd day               1.31 (± 1.17)         1.13 (± 1.36)          0.399
  4th day               1.03 (± 1.02)         0.93 (± 1.08)          0.681
  5th day               0.82 (± 0.85)         0.80 (± 1.03)          0.606
  6th day               0.75 (± 0.88)         0.50 (± 0.73)          0.265
  7th day               0.51 (± 0.76)         0.36 (± 0.61)          0.520
  --------------------- --------------------- ---------------------- ----------

###### 

Daily swelling levels postoperatively (A: Amoxicillin, AC: Amoxicillin/clavulanic acid, SD: Standard deviation).

  --------------------- --------------------- ---------------------- ----------
  Postoperative (day)   Group A mean (± SD)   Group AC mean (± SD)   p values
  1st day               3.00 (± 1.22)         2.43 (± 1.28)          0.092
  2nd day               2.68 (± 1.07)         2.73 (± 1.26)          0.731
  3rd day               2.24 (± 1.21)         2.06 (± 1.28)          0.677
  4th day               1.86 (± 1.13)         1.40 (± 0.93)          0.246
  5th day               1.07 (± 0.98)         0.90 (± 0.92)          0.560
  6th day               0.55 (± 0.88)         0.43 (± 0.68)          0.764
  7th day               0.21 (± 0.49)         0.27 (± 0.52)          0.676
  --------------------- --------------------- ---------------------- ----------

###### 

Daily swelling levels postoperatively (A: Amoxicillin, AC: Amoxicillin/clavulanic acid, SD: Standard deviation).

  ------------------- --------- ----------
                      Group A   Group AC
  Alveolar osteitis   1         NA
  Infection           1         NA
  Trismus             NA        1
  Mean score of QoL   65.5      66.4
  ------------------- --------- ----------

Discussion {#s4}
==========

Usage of antibiotics before or/and after mandibular third molar surgery is still controversial. While some investigators suggest the use of antibiotic prophylaxis on the basis of a considerable reduction in post-surgical complications such as pain, trismus, AO and wound infection ([@b1], [@b5], [@b7], [@b10], [@b11]), the others claimed that the use of antibiotic is unnecessary ([@b3], [@b4], [@b12], [@b13], [@b14], [@b15], [@b16]). Pain, swelling and trismus are common complications of third molar surgery. Pain may be related to the healing process in general, and the healing depends on different parameters such as patient age, quantity of the removed bone, surgeon experience and operation time. There were no significant differences between the two groups with regard to the age distribution and operation time. On the other hand, since the design of the present study is based on chart review, it was not possible to account for surgical experience. Swelling is also a common complaint caused by edema associated with surgical trauma. It reaches to maximum level on the second or third postoperative day and normally diminishes by the fourth day. It should completely resolve by the seventh day ([@b3]). In the present study, no significant differences were found between the two groups regarding the swelling and the presence of trismus. These results are similar to those of other clinical trials ([@b3], [@b7], [@b11], [@b12], [@b15]).

In the present study, AO and infection were defined as postoperative inflammatory complications. If severe pain occurred starting from the third day or there was an absence of clot with exposed osseous tissue, these conditions were diagnosed as AO. A diagnosis of wound infection was determined, if there was purulent discharge from the surgical site or there were other signs of infection, such as fever, lymphadenopathy, persistent swelling and pain that cannot be explained by surgical trauma. Regarding the postoperative AO and infection, the reported incidence of AO varies between 1% and 6.3% and that of infection from 1% and 12.6% ([@b2]). In a meta-analysis of randomized controlled clinical trials by Ren and Malmstrom ([@b1]), AO has been reported to occur in 84 of 1350 patients (6.2%) who had received systemic antibiotics and in 228 of 1582 patients (14.4%) who had received a placebo or no treatment. Wound infection was reported 4% in the antibiotic group and 6.1% in the no treatment group in the same study. Authors reported that systemic antibiotic therapy was statistically significant in reducing risk both of AO and infection after mandibular third molar surgery. Delilbasi et al. ([@b17]) also reported that the use of a 0.2% chlorhexidine gluconate mouth rinse and amoxicillin combined with clavulanic acid were effective for the prevention of AO. However, the other clinical studies suggested that the use of antibiotics is unnecessary as they do not affect the frequency of AO or infection in the postoperative period ([@b3], [@b4], [@b15]). In the present study, postoperative AO rate was 1.6% and infection rate also was 1.6%. AO and infection were not diagnosed in group AC, however no significant difference was found between the two groups. However, these findings should be approached with caution since our sample size is limited.

There are some important clinical studies related with amoxicillin or amoxicillin combined with clavulanic acid in the literature. Arteagoitia et al. ([@b10]) designed a double-blind placebo-controlled randomized clinical study including 490 patients who had been treated with postoperative placebo or amoxicillin/clavulanic acid (500/125 mg, 3 times a day, 4 days). They reported that amoxicillin/clavulanic acid is useful in reducing the incidence of AO and infection following third molar extraction but should not be prescribed in all cases. On the other hand, same researchers published another placebo-controlled clinical study including amoxicillin combined with clavulanic acid 10 years later and they concluded that antibiotic therapy was more effective for pain relief, reduction of edema and enabling mouth opening than placebo, but not for the prevention of postoperative infections ([@b18]). Another prospective study reported by Poeschl et al. ([@b19]) revealed different results. The study involved three groups of patients requiring the removal of third molars. The patients received antibiotic treatment with amoxicillin clavulanic acid combination for five days postoperatively in the first group. In the second group, clindamycin was used and in the third group no antibiotic was given. They concluded that the postoperative antibiotic treatment did not contribute to a better wound healing, less pain or increased mouth opening. It could not prevent the inflammatory problems after surgery, and therefore was not recommended for routine use. Adde et al. ([@b12]) demonstrated that in postoperative prophylaxis there was no difference regarding the indication of amoxicillin, clindamycin or no antibiotic for prevention of postoperative complications in third molar surgery. Siddiqi et al. ([@b3]), Ataoglu et al. ([@b20]) and Rey et al. ([@b21]) also concluded that antibiotic prophylaxis was not useful for the prevention of postoperative complications. Bezerra et al. ([@b22]) reported that osteotomy or tooth sectioning was not associated with an increased incidence of inflammatory events and they suggested that the use of amoxicillin before third molar surgery did not significantly reduce the complications whether they are related with infection or not. Recently, Xue et al. ([@b16]) investigated the effect of antibiotic prophylaxis on postoperative inflammatory complications after impacted lower third molar surgery. They concluded that amoxicillin is not effective for prevention or reduction of postoperative inflammatory complications in Chinese patients. Postoperative sequels after third molar surgery can significantly affect the patient's QoL ([@b1]). Therefore, the reduction of postoperative complications is very important to ensure the comfort of patients after surgery. Although different methods have been used to assess QoL, it can be difficult to reach meaningful conclusions ([@b9], [@b23]). Some factors such as systemic disease, gender, analgesic use and duration of surgery can affect QoL after third molar surgery ([@b24]). Especially pain during the postoperative period after third molar surgery is the most important factor affecting the patients' QoL ([@b25]). In this retrospective study, the type of antibiotic did not differ in terms of patientreported QoL. Postoperative wound infections also can also effect patients' QOL. The potential consequences of the wound infection for patients range from having increased pain to going into sepsis. Therefore, for the surgeons, surgical wound classification is important in predicting postoperative surgical site infections and associated risks. Surgical wound classification according to degree of contamination is evaluated into four groups as clean, clean-contaminated, contaminated and dirty wounds ([@b26]). Oral surgical procedures are included in the clean-contaminated group. The use of antimicrobial prophylaxis for the majority of clean-contaminated procedures is recommended because of the normal flora of the mouth is responsible for most infections that follow clean-contaminated surgical procedures ([@b27]). However, it should be kept in mind that the routine use of antibiotics may increase the risk of adverse effects and lead to the emergence of resistant organisms.

Conclusion {#s5}
==========

In this retrospective study, a strict inclusion criterion was used to determine the outcome of two different antibiotics. Within the limitations of the chart review design, it can be stated that amoxicillin and amoxicillin with clavulonic acid might provide similar outcome in terms of patient comfort following third molar surgery.
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